Early Warning System: Relay Sensor Deployment & Network Reliability Analysis by Yang, Zhicheng
Washington University in St. Louis 
Washington University Open Scholarship 
All Computer Science and Engineering 
Research Computer Science and Engineering 
Report Number: WUCSE-2012-28 
2012 
Early Warning System: Relay Sensor Deployment & Network 
Reliability Analysis 
Zhicheng Yang 
In this project, we continued Dr. Chipara's study, which developed an early warning system 
(EWS) to detect the vital signs of patients in order to help doctors to intervene in time [1]. Since 
the number of wards increased, the environment our system faced with became more 
complicated and our network became more sensitive. This project focused on finding reasons 
on the relays that didn't work and doing a reliability analysis on the network in one ward our 
study covered. 
Follow this and additional works at: https://openscholarship.wustl.edu/cse_research 
 Part of the Computer Engineering Commons, and the Computer Sciences Commons 
Recommended Citation 
Yang, Zhicheng, "Early Warning System: Relay Sensor Deployment & Network Reliability Analysis" Report 
Number: WUCSE-2012-28 (2012). All Computer Science and Engineering Research. 
https://openscholarship.wustl.edu/cse_research/76 
Department of Computer Science & Engineering - Washington University in St. Louis 
Campus Box 1045 - St. Louis, MO - 63130 - ph: (314) 935-6160. 
Department of Computer Science & Engineering
2012-28
Early Warning System: Relay Sensor Deployment & Network Reliability
Analysis
Authors: Zhicheng Yang
Abstract: In this project, we continued Dr. Chipara's study, which developed an early warning system (EWS) to
detect the vital signs of patients in order to help doctors to intervene in time [1]. Since the number of wards
increased, the environment our system faced with became more complicated and our network became more
sensitive. This project focused on finding reasons on the relays that didn't work and doing a reliability analysis
on the network in one ward our study covered.
Type of Report: MS Project Report
Department of Computer Science & Engineering - Washington University in St. Louis
Campus Box 1045 - St. Louis, MO - 63130 - ph: (314) 935-6160
	
    
 				
 
  !" #! $  % 
!!& !"  % &% 
'! ()'*   !$'
& +, +-.+
#
  	
  
 	 	   
  	 	   
  
  
!   
		 
  

	 
 	   "#$   %	 
! 	 	 
	
 
	  !  % 
	 
  
	 
	& % 
	  '
	
 !
 
 ! 	
 
  	   
	&  
  	%  
  
	& 

 	 
	  
	
./ 0!$%
 	
	
 
!   
   
	 
	 (!  
)  *+ , #-+ !!	
!	
 	  & 	 
	 		
	 		 . !
		  !
  -/+ 
!   
 
% 	 '   	
	
 	  
 
	  

	  	 %!
	 
 
 
	 0
   
 	
  	   
	 	
	 
  	  "#$
' 	
   

  % 
 	 	   !
 
 
 
 	 
1	23 4
 134   5 
	 	
  
 
	 	    	
 
% 
	 % 
  
	& % 
	 
 '	 	 	 	  
	   

	 
  % 
 
 .  
 
  6	 #  	  	  	 	 
%

 
5
 
!  . 	 
 
  6	 #%  !
	   
	&  	


 %   
   % 
 . % 
 
 
  6	 #  	 
!	
  
  	 

1$ . 2%3' $'%   3&'' &* 3 '*' /
+/ &* ''! %&!* 
	 7	  8  	 
 	 
  ##  #9 !

	 %!
	  
  	
  

 	 
  #* !

	    
 &   
! 
	 	 
	&  
 	 



  .
  
   5  
! 	 	  
	 %    
!


    
 % 
 %  


  
     
 
 
	 
	&
	%
45 !!&!*    "! 16$* 465 !!&!*    "! 
1$ +  $& '!'  6' '!'/  & 6&$ &*' 3!0 3&&/  % &*'   * 
%'!%/  6&0 &' ' ! &0'/
. 
	
 
!  


  	
    	
  
 
    

	     4
	  
 

	  
	&   %   6
	 5  
  	 
 
     	 % 	 !
	 	  '  
 


  	
 

   	 	 #:  
  
   	 
   	& 

	 !
	 
   
7/ 3!0 &6&* &*''
  	 
! 	 	 
 ##  #9 !

	  
 
 6%		  
	& 
  

!

	   	! 
  6	 9%   1 	    
	&  
  #* !

	 22

  
	&   % 	 !	 .!	 
	 	 	    	

   

		  
		 
 !  	
 
 
 	 	

7/. 	'  & &8
1  	 
	& 
  
  ##  #9 !

	 
	   
 	
% ' !	 
%
	
 !
	  !	  
  #* !

	    	!	 2    

& & 
;1 ! 	    
    	 
!  	  (	   <9=
   	
 ! 	

 	   

 

 	

  % 

 	


 	

   >/2  6	 > 
  <9=    
459'* +/,: 465 9'* $  ") !! '/
1$ 7  '& %'* %'6$!  &' ' '!3 !  1$ 7465/  %0  !&! '; 
  '& %'* '/  : :' '  & $ 6/  * :' !"  "$ '   &$% % 
" 6&!3 <=  6 !% >+?/
7/+ !&  !) '
.
	 
  
%	
 	    
	& % 
	 	% 
	    
 ' 
% 	
  
 
 !  
	& . %	&!    
&
 	   
	?      

   	       
  
 


 	 	 1  
  
   
	    
!! !	
 @ 
 @

	  !! 
 &
  	

 
	 
   
 
   	
7/7 1&!! '$$
' 	 
  ##  #9 !

	 	!	 	 

  
  %
	 	   5 	


1 
  #* !

	 	  
 
	)
 

 
  !

	 		  
 
 	 

	 	    	   
 
	 !

	 '    	  		   	 

 ##  #9 !

	 .  		

 	  % 
 	

  
 % 		   & 
		  %  !	
 

	    
  ##  #9 !

	 ' & 	
 	 A88 %
	 	

 	   
		 
   	!	 
!   '
 
	 	    B

   	   
	 
   		 ' 	  <#2#// & 	 ' &
 	  #C* 
 
  	  9: 
 
 ! 
 ! 	
 #2#// &   	

 
 %
 9   %
 * ! 	
 
! &  	 
%    	 A88 
  6	 * 
 
1$ ,  '' "! ')& !! ' !  ., "&!!
 6	 *B # ' % %	 
    
  %  % 
228 <#D* ? 9 ' %	 %
%	 
  		

 	 ! #**=D22#*:-9  8 <#D@22<#D* ? > ' 
 %	 
 
	 	!	 
	 	 
  
	  		   %
	 !  	 	  
 
	& %
& #**=*
 
  
	  #**D@22#*:D*  8 <#D/22<#D# #**D@22#**=*  8 <#D/22<9/9 ? * '
& %	 
  	 %
& 	 ! 8 <9/922 	

 % #D/  9/:  8
<9/922<9/: 
1 
 6	 *      

 
  	 
	& 	   %  .
	

 
	 	
 5	   
  	   	

 1  
    	 
	&
	 
 	 	!	 
 
 
 
	 	 
  
	  		   %
	 
 ! 	  

%	 
  	  
 
 
  %
	 	 
 	 	 
 	 & !  & ! 	

! 
	&  	 	
7/, '
' 5   
 % 	!    
	  ! 
	 
	& ' % !	

0	 # 
 0	 >#  
  !	 6%		  
  5 
	& 
  ##  #9
!

	  

 
	& 
  #* !

	 
 
! 	  	 % 

   	 	  
%
 	  
  % 
 6	 : 
 	 	 %
 	
 	 188 
  #* !

	
 0	
1$ =  !" && &*' !  ., "&!!
1$ @  '0 6'% !   )&$ 49.-- ! .-- ' 6&0 !&! ! 3 !&! % - ' %;  !&!
"!  &* ' &$&% 6*  "! $& A )&$+--.--A/5
6	 =  
     % 	  % 
  !		  

	  	&	   188
 
	 ' 	  
	 	
   	  	 
	 
 
  % 
  

 
 
   	& 
! 

  
	
7/, !&$!
'
    
	&  !	
 .	 #:  
 
 
! 	 !	
 	 #*: 
 	 #**   
  	 	  
		 
 % 
	 	 & 6	 -   		  
  #* !

	 1 

	 9*2
	 
%	
  
	&  % 	
 !  
	& 
  #* !

	   
 	!
  
  % 
 
 #**
1$ B  ., "&!! !!&!*   "! &
,/ #!&$'!
6
	 	 
 %
 # ' <9=    
  
% 	
   9 4

  ! 
	 
	&  	    % 
	 
 
 % 

  	 > 6

	 		 
  #* !

	  ! 
 
	& ' 		

 	 % 

%
	 	

 	  	 

   	 %
&    %  1
 
!  
 
 
 
	 
	&  	 !	 	  ! 
  	 
  % 	 !	  
	
*    %  	   % 
  
	  
  
	
' !%  
 	
 
	 
	&  
 
 	 
  	 	  
		 
   

  	 %
&  	  %	 
! 	  .    & 
 
 
! 	
	
 %  
	)
 

  
	 %
	 	
=/ 1$$ !0
6
	  
 
!  
 
	   
 %  
   % 
	 

%  6
	 5    
  
 !!	  
   
	  

 
!  	 	 
	 .  
	    
     
 &  
		 
 
!     ! 
	 
	& .
	   
  	&  !! 
  !

 

	 	

 ' 	 
 % 	
	   		 
	 %     
  
	&
 6     
	 
 

 
  

1#
"#$ E8%  0

	  	 
	 F
	&B 5	   2
 4
 ;E (
	  G '  1  72 8
 .0 
!	 
 % F
	& 
	 
 9/#/ 
"9$ E02 8%  	 ;  8 4
B 	  !
	 4
2.	 
	
F
	&E 0
  7	
	 4&   G ' #@  	
 
	&
 
 H 
!
	 H
 9/## 
">$E2E BCC&C	
C2C
' 
	 
  	2  !	     % 

 !	
B
BCCCI)*C	J	
C
